The powerful radiative winds of hot stars with strong magnetic fields are magnetically confined into large, corotating magnetospheres, which exert important influences on stellar evolution via rotational spindown and mass-loss quenching. They are detectable via diagnostics across the electromagnetic spectrum. Since the fossil magnetic fields of early-type stars are stable over long timescales, and the ion source is internal and isotropic, hot star magnetospheres are also remarkably stable. This stability, the relative ease with which they can be studied at multiple wavelengths, and the growing population of such objects, makes them powerful laboratories for plasma astrophysics. The magnetospheres of the magnetic early B-type stars stand out for being detectable in every one of the available diagnostics. In this contribution I review the basic methods by which surface magnetic fields are constrained; the theoretical tools that have been developed in order to reveal the key physical processes governing hot star magnetospheres; and some important recent results and open-ended questions regarding the properties of surface magnetic fields and the behaviour of magnetospheric plasma. pta.edu.pl/proc/2019dec19/123
Introduction
The fraction of stars with a detectable surface magnetic field holds relatively steady at about 10% from around spectral type A5 (Sikora et al., 2019a) to the top of the Main Sequence (MS) (Grunhut et al., 2017) . Hot stars lack a convective envelope, and there is therefore no mechanism by which a magnetic field might be sustained by a contemporaneous dynamo. For this reason, the magnetic fields of hot stars are believed to be magnetic 'fossils', remnants of a previous period in the star's life (e.g. Neiner et al., 2015) . The fossil field paradigm is bolstered by the properties of these magnetic fields: they are topologically simple (typically dipolar, see e.g. Kochukhov et al., 2019) , strong (a few hundred G to a tens of kG, e.g. Aurière et al., 2007; Shultz et al., 2019b; Sikora et al., 2019b) , stable over a time-span of at least decades (e.g. Aurière et al., 2007; Shultz et al., 2018b; Sikora et al., 2019b) , and exhibit no obvious correlations between e.g. rotational velocity and magnetic field strength (e.g. Aurière et al., 2007; Shultz et al., 2019b) . The stability of fossil fields over evolutionary timescales is backed up by magnetohydrodynamic (MHD) simulations (Braithwaite & Spruit, 2004) .
Hot star atmospheres provide a ready ion source in the form of their powerful radiatively driven winds. When confined inside a strong magnetic field, the wind plasma animates a stellar magnetosphere (e.g. Babel & Montmerle, 1997; ud-Doula & Owocki, 2002) . This has direct consequences for the star's evolution, leading to rapid angular momentum loss as well as mass-loss quenching (e.g. Weber & Davis, 1967; ud-Doula & Owocki, 2002; ud-Doula et al., 2009) . Magnetospheres are furthermore detectable across the electromagnetic spectrum, from high-energy X-rays (e.g. Oskinova et al., 2011) to low-frequency radio gyrosynchrotron (e.g. Drake et al., 1987; Linsky et al., 1992) , yielding a wealth of observational diagnostics with which to probe different magnetospheric components.
This contribution discusses the basic tools with which stellar surface magnetic fields are modeled ( § 2), and provides an overview of the theoretical frameworks within which various aspects of magnetospheric physics have been explored ( § 3). It concludes with a summary of some of the most important recent results, and some of the key directions for future research ( § 4). (1950) was the first to propose that the temporal variation of the diskaveraged longitudinal magnetic field B z could be most parsimoniously explained as a consequence of the rotation of a tilted dipole. In this oblique rotator model (ORM), illustrated in Fig. 1 , the magnetic axis is tilted at an angle β from the rotational axis, which is itself tilted at an angle i with respect to the line of sight. As the star rotates, the angle between the line of sight and the magnetic axis changes, and B z varies sinusoidally. The variation in B z can then be reproduced if i, β, the strength of the magnetic dipole at the stellar surface B d , and the rotational period P rot are known.
Surface magnetic fields

The Oblique Rotator Model
Stibbs
There is a degeneracy between i and β, which are related by the parameter r = (cos β cos i−sin β sin i)/(cos β cos i+sin β sin i) (Preston, 1967) . The r parameter can also be determined from a harmonic fit to B z = B 0 + B 1 sin (φ + Φ), where φ is the rotation phase and Φ is a phase offset. Using this fit, r can be equivalently written r = (B 0 − B 1 )/(B 0 + B 1 ). The usual means of determining β is therefore to determine B 0 and B 1 from the B z curve, and then to constrain i independently, typically via P rot , the stellar radius R * , and the projected rotation velocity v sin i. Once i and β are known, the surface strength of the magnetic dipole can then be obtained directly from these parameters, the limb darkening coefficient, and the maximum strength of B z (Preston, 1967 ).
An ORM does not have to be purely dipolar, and in fact, in some cases a pure dipole provides a poor fit to the data. Early versions of non-dipolar ORMs consisted of either dipoles offset from the centre of the star, or in the linear superposition of quadrupolar and/or octupolar magnetic fields (e.g. Landstreet, 1990; Landstreet & Mathys, 2000) . While these methods were able to reproduce the B z variations of stars exhibiting significantly anharmonic curves, they generally provide a poor fit to the polarized line profiles, and have been superseded by inversion mapping.
Direct modelling of polarized line profiles
With high resolution data, more sophisticated modelling of the Stokes V profile can be performed. If the assumption of a purely dipolar magnetic field is maintained, a straightforward Bayesian approach developed by Petit & Wade (2012) can place probabilistic constraints on the strength of the surface magnetic field regardless of the rotation phase, and can furthermore place robust upper limits on B d when no magnetic field is detected and/or the period is unknown. The most sophisticated means of constraining the surface magnetic field topology and strength is via Zeeman Doppler Imaging (ZDI; Piskunov & Kochukhov, 2002) . This is a tomographic method that uses the variation in polarized line profiles across the rotational period to obtain a map of the star's magnetic field. An overview of this methodology is provided in these proceedings by Kochukhov. Here we note only that ZDI maps have generally confirmed that, with rare exceptions such as Landstreet's Star (Kochukhov et al., 2011) , the magnetic fields of the majority of early-type stars are in fact mainly dipolar -or more accurately, 'twisted dipoles', i.e. dipoles with additional toroidal field components (Kochukhov et al., 2019) .
Magnetospheres
Hot stars have powerful line-driven winds with mass-loss rates ranging from 10 −10 to 10 −5 M yr −1 and terminal velocities of 1000 to 2000 km s −1 . Inside a magnetic field, the ionized wind plasma can be channeled to flow along magnetic field lines, thus providing an ion source for the formation of a magnetosphere. A schematic illustration of a stellar magnetosphere is provided in Fig. 2 . Whether or not a magnetosphere will form depends on the relative strengths of the wind and the magnetic field, quantified via the wind magnetic confinement parameter η * , which is essentially the ratio of the kinetic energy density in the wind to the magnetic energy density, evaluated at the magnetic equator at the stellar surface (ud-Doula & Owocki, 2002) . If η * > 1 the wind is magnetically confined. Since a dipolar magnetic field declines with distance r from the star as 1/r 3 , while the wind kinetic energy increases with distance due to line driving, magnetic confinement inevitably fails past a certain point. The radius at which the wind opens the magnetic field lines is the Alfvén radius R A , which can be determined via a straightforward scaling with η * (ud-Doula et al., 2008) .
The collision of wind flows from opposite magnetic colatitudes at the tops of magnetic loops leads to the formation of magnetically confined wind shocks (MCWS; Babel & Montmerle, 1997; ud-Doula et al., 2014 , see pink shaded region in Fig. 2 ). These wind shocks in turn generate thermal X-ray emission, with the result that magnetic hot stars are more X-ray-luminous by about 1 dex as compared to nonmagnetic hot stars (e.g. Nazé et al., 2014) . An important consequence of magnetospheres is that they act as extended moment arms, rapidly removing angular momentum from their host stars (e.g. Weber & Davis, 1967; ud-Doula et al., 2009 ). The rate of angular momentum loss increases with R A and with the mass-loss rate.
The region inside the closed field lines is referred to as the inner magnetosphere (see Fig. 2 ). Since the inner magnetosphere is dominated by the magnetic field, the Lorentz force enforces corotation of the magnetospheric plasma with the magnetic field; because the magnetic field is effectively fixed, the plasma corotates with the photosphere, out to a distance of up to tens of stellar radii. Petit et al. (2013) established a basic division of hot magnetic stars into two classes based on the structure of the inner magnetosphere. The first class possesses only a dynamical magnetosphere (DM; blue shaded region in Fig. 2) . In a DM, the rotation of the star is negligible and the motion of the wind plasma is dominated by line driving and gravity. Radiative acceleration pushes plasma to the tops of magnetic field loops, and plasma is then pulled back to the stellar surface by gravity. Therefore, a DM can only be detectable if the stellar wind is able to fill it faster than it empties on dynamical timescales. In the UV, DMs are detectable for essentially all magnetic OB stars (since UV lines are a ρ diagnostic), whereas in Hα (a ρ 2 diagnostic) DMs are generally only detectable around the magnetic O-type stars 1 . The strong winds of O-type stars mean that they spin down extremely fast, such that they almost exclusively possess DMs 2 .
Corotation can lead to significant centrifugal forces acting within the inner magnetosphere. At the Kepler corotation radius R K gravitational and centrifugal forces are equivalent (e.g. Townsend & Owocki, 2005; ud-Doula et al., 2008) . If R K < R A then there exists a region in the inner magnetosphere within which gravitational in- fall is prevented by centrifugal support. This gives rise to the second class described by Petit et al. (2013) , stars that also have a centrifugal magnetosphere (CM; orange shaded region in Fig. 2 ). Within the CM plasma is able to build up to much higher density than is possible within the DM. As a result of this, numerous B-type stars possess CMs detectable in Hα despite their relatively weak winds. CM emission is also detectable in the NIR (e.g. Eikenberry et al., 2014; Oksala et al., 2015a) .
Outside R A corotation breaks down and the wind opens the magnetic field lines, leading to the formation of a current sheet powered by the stellar wind (grey shaded region in Fig. 2 ). This is the middle magnetosphere. The middle magnetosphere's current sheet accelerates electrons to relativisitic velocities. Some of these return to the star along the magnetic field lines, as illustrated in Fig. 2 . Upon re-entering the inner magnetosphere these electrons emit incoherent gyrosynchrotron radio emission (Trigilio et al., 2004) . Some of the electrons can become trapped within auroral circuits (pink ovals in Fig. 2 ), leading to strongly circularly polarized, beamed radio emission emitted nearly perpendicularly to the magnetic axis (Trigilio et al., 2000 , see also Das et al., this volume.) , a similar phenomenon to that seen in pulsars. Table 1 summarizes the observed magnetospheric characteristics of various subpopulations of hot stars with fossil magnetic fields. The magnetic A-type stars are not known to display any magnetospheric activity, consistent with such stars having negligible winds that do not provide a sufficient ion source to populate the circumstellar region. Late B-type stars do not show either UV, Hα, or NIR, but do show both X-ray and radio. This suggests that the weak winds of this subpopulation are unable to fill their magnetospheres sufficiently to become detectable at intermediate (UV to NIR) wavelengths, but are strong enough to produce thermal X-rays and gyrosynchrotron. The magnetic O-type stars are detectable using all diagnostics save radio, for the simple reason that their radio photospheres are much larger than their Alfvén radii and effectively swallow any gyrosynchrotron radiation that may be emitted within their inner magnetospheres (Chandra et al., 2015) 3 .
The only class of stars for which the full suite of diagnostics are detectable is the early B-type stars. Since each diagnostic probes a different region of the magnetosphere, for these stars it is uniquely possible to reveal their magnetospheres in full detail.
The dynamical magnetosphere
About 20% of the early B-type stars are too slowly rotating to possess a CM . However, rapidly rotating stars still possess DMs in the innermost regions of their inner magnetospheres. The DMs of early B-type stars are often detectable via UV emission (e.g. Petit et al., 2013) , and are furthermore capable of generating thermal X-rays via MCWS.
The fundamental dynamics of DMs have been explored via both 2D and 3D MHD simulations. ud-Doula & Owocki (2002) first investiated the effects of magnetic wind confinement on mass-loss quenching using 2D simulations, and revealed the snake-like patterns of infall characterizing plasma transport within this region. 3D simulations of aligned rotators by ud- Doula et al. (2013) showed that this turbulent infall leads to stochastic line strength variations consistent with those observed in the Hα variations of the magnetic O-type star θ 1 Ori C. The effects of dipole tilt in a star with moderate rotation (R K > R A ) were examined in 3D simulations by Daley-Yates et al. (2019) , who found that dipole tilt introduces a rotational modulation of the thermal radio emission and, hence, can affect mass-loss rates inferred via this diagnostic.
Numerical limitations place strong restrictions on the range of magnetic confinement strengths that can be simulated using MHD, with the maximum for 2D models currently being around η * = 1000, whereas the magnetospheres of magnetic B-type stars can easily reach η * ∼ 10 6 . Even within the range of η * values for which simulations are practical, they are time-consuming, making it difficult to apply them to large populations with a range of fundamental and ORM parameters. In consequence, analytic treatments have been developed which build upon the results from MHD simulations.
The first of these was the X-ray Analytic Dynamical Magnetosphere (XADM) model developed by ud-Doula et al. (2014) , which determines the locations of MCWS based upon the strength and speed of the wind and the strength of the confining magnetic field. Comparison with observed X-ray luminosites revealed a generally good agreement across several dex (Nazé et al., 2014) , although the observed luminosities are typically about 10% of their predicted values; this is believed to be a consequence of self-absorption of the X-rays by the magnetospheric plasma.
A more general Analytic Dynamical Magnetosphere (ADM) model was developed by Owocki et al. (2016) . This model incorporates the free-flowing wind above the magnetic poles, as well as upflows and downflows along magnetic field lines, in order to determine the spatial, density, and velocity distributions of the circumstellar plasma. This enables the ADM model to predict photometric variability due to occultation of the star by the DM (Munoz et al., 2019) , and when coupled with radiative transfer, to predict line emission at arbitrary wavelengths (David-Uraz et al., 2019).
The centrifugal magnetosphere
A majority of magnetic early B-type stars have CMs, and about 1/4 have CMs detectable in Hα .
As with DMs, CMs have been explored using both MHD simulations and analytic models. So far only 2D MHD simulations have been published (however, see ud-Doula et al., this volume). ud-Doula et al. (2006, 2008) verified the formation of a compressed, high-density disk above the Kepler corotation radius, and explored the phenomenon of 'centrifugal breakout', whereby mass-loading of the CM by the wind eventually causes the confining magnetic field lines to rupture, leading to explosive ejection of plasma away from the star. Angular momentum loss within rotating magnetospheres was examined by ud-Doula et al. (2009), results which led to the development of an angular momentum loss scaling law depending on mass-loss rate, rotational velocity, and magnetic confinement strength.
The magnetic confinement strengths and rotational velocities of the majority of early B-type star CMs are beyond the numerical ability of MHD simulations to explore, making analytic treatments of high importance. The most influential of these is the Rigidly Rotating Magnetosphere (RRM) model developed by Townsend & Owocki (2005) . RRM models calculate the gravitocentrifugal potential along each magnetic field line, and map out an accumulation surface by locating the potential minima. Plasma is assumed to collect in hydrostatic equilibrium on the accumulation surface. For a tilted dipole, the accumulation surface is a warped disk about halfway between the magnetic and rotational equators, with the densest pockets of plasma being located at the intersections of these two equators. Since there is no rotational support below R K , the region between the star and R K is empty. Corotation of the plasma furthermore leads to a linear increase in rotational velocity with distance from the star. The RRM model therefore predicts an emission signature with no emission below R K , and two emission bumps at R K (typically, 2 or 3 R * or equivalently, 2 or 3 times v sin i). Stellar rotation then leads to a characteristic 'double helix' pattern of emission variability.
This basic pattern of emission has been verified for several magnetic early B-type stars (e.g. Leone et al., 2010; Bohlender & Monin, 2011; Oksala et al., 2012; Grunhut et al., 2012; Rivinius et al., 2013; Sikora et al., 2015; Wisniewski et al., 2015; Sikora et al., 2016; Shultz et al., 2016; Wade et al., 2017; Castro et al., 2017) , and is so recognizable that it has enabled the discovery of new magnetic stars on the basis of their emission signatures alone (Eikenberry et al., 2014) .
If the assumption of a dipolar magnetic field is relaxed, an arbitrary RRM (aRRM) model can be calculated via potential field extrapolation from e.g. a magnetic map obtained via ZDI. This has so far been done only for σ Ori E. Using this method Oksala et al. (2015b) were able to simulatenously reproduce the star's Hα emission profile variability and the photometric eclipses of the star by the dense CM plasma. However, their synthetic light curve was unable to reproduce the outof-eclipse variation, despite including the photometric variability predicted by its surface chemical abundance patches. They speculated that its CM plasma might not only be dense enough to eclipse the star (as explored by , but also to scatter light when projected next to the star (see also Mikulášek et al., 2019, this volume) .
The assumption of hydrodynamic equilibrium along each field line is relaxed in the Rigid-Field Hydrodynamic (RFHD) simulations developed by Townsend et al. (2007) , which effectively treats each magnetic field line as a rigid pipe along which the wind plasma can freely flow. RFHD provides predictions not just for the Hα and photometric signatures of a CM, but also for X-ray and ultraviolet variability. Nazé et al. (2014) found that some of the rapidly rotating magnetic B-type stars are about 1 dex overluminous in X-rays as compared to XADM predictions, a discrepancy that might be explained by the additional X-ray luminosity caused by the release of centrifugal potential energy (Townsend et al., 2007) . Tilted dipoles in RFHD were explored by Bard & Townsend (2016) , who found that magnetic topologies and rotation can strongly affect the properties of the stellar wind along each field line.
Mass balancing via breakout as investigated by ud-Doula et al. (2006, 2008) is the subject of some controversy. The X-ray flares that might be expected to accompany breakout events have not been detected. No sign of large-scale re-organization of the CM has been seen, and RRM modeling of magnetospheric eclipses by Townsend et al. (2013) yielded a lower limit on the CM mass about 2 dex below the breakout mass derived by Townsend & Owocki (2005) . This discrepancy has led to the suggestion by Owocki & Cranmer (2018) that mass balancing might instead be achieved via a steady-state leakage mechanism involving diffusion and drift across magnetic field lines.
Recent Results
Magnetic fields and stellar evolution
Fossil magnetic fields are in principle stable on evolutionary timescales (Braithwaite & Spruit, 2004; Duez et al., 2010, e.g.) , however it has long been questioned whether this is truly the case, or whether the magnetic flux Φ = B d R 2 * might decline over time. The first serious attempt to investigate this was conducted by Kochukhov & Bagnulo (2006) , who examined cool Ap/Bp stars and concluded that Φ was essentially constant. Bagnulo et al. (2006) and Landstreet et al. (2007 Landstreet et al. ( , 2008 looked at Ap/Bp stars in clusters, which have well-defined main-sequence turnoff ages, and found evidence that Φ may decline for the more massive stars in their sample. Fossati et al. (2016) compared the occurrence of magnetic vs. non-magnetic stars across the upper MS, and found that the incidence of magnetic stars declined rapidly with age for the more massive stars in the sample, inferring from this that Φ might decline more rapidly for more massive stars. However, direct comparison of the magnetic upper limits for non-detected O-type stars to the field strengths of the detected Otype stars by Petit et al. (2019) showed that the existing spectropolarimetric survey data is not sufficiently precise to rule out flux conservation at the top of the MS.
These studies were limited in that ORM parameters were unavailable for the majority of their samples. Two recent studies have examined the question of flux conservation using samples of magnetic hot stars with well-characterized fundamental and ORM parameters. Sikora et al. (2019a,b) conducted a volume-limited study of all Ap stars below about 3 M within the nearest 200 pc, and found that Φ is apparently constant with this sample, consistent with the results of Landstreet et al. (2007) . Shultz et al. (2018b Shultz et al. ( , 2019c looked at the population of early B-type stars, between about 5 and 20 M , and found that Φ decreased for all stars, and decreased more rapidly for the most massive stars, consistent with both the results of Landstreet et al. (2007) for the more massive end of their sample and the conclusion of Fossati et al. (2016) . Shultz et al. (2019b) also examined rotational evolution, finding that rotation periods increase dramatically over time. This result is qualitatively conistent with magnetic braking, but direct comparison of stellar and spindown ages showed that the former are, for much of the sample, up to 2 dex longer than the latter. Their simultaneous derivation of magnetospheric parameters for the sample (accomplished using a self-consistent Monte Carlo Hertzsprung-Russell diagram sampler incorporating all available atmospheric, magnetic, rotational, and other constraints, described in detail in Appendix A of Shultz et al., 2019b) showed that Hα emission from CMs requires both very strong magnetic confinement and very rapid rotation. Since magnetic fields weaken and rotation slows over time, the Hα-bright stars are also all young; indeed, they constitute a 2/3 majority in the first third of the MS.
Notwithstanding the strong evidence that magnetic stars experience rapid magnetospheric braking over evolutionary timescales, efforts to directly measure angular momentum loss have yielded mixed results. Only one star, σ Ori E, shows unambiguous spindown consistent with magnetic braking timescales (Townsend et al., 2010, Petit et al., in prep.) . CU Vir and Landstreet's Star instead show alternating spin-up and spin-down (Mikulášek et al., 2008 (Mikulášek et al., , 2011 (Mikulášek et al., , 2017 Mikulášek et al., 2019) , while HD 142990 was recently shown to be rapidly spinning up . No definitive explanation for this behaviour has yet been determined, although suggestions include torsional oscillations (Krtička et al., 2017) or internal differential rotation (Mikulášek et al., 2018) .
The evolutionary models used for all of these studies were calculated for nonmagnetic stars, and therefore do not account for the effects of mass-loss quenching (potentially very signficant for O-type stars, e.g. Petit et al., 2017) , angular momentum loss, and likely internal effects of magnetic fields such as inhibition of mixing and enforcement of solid-body rotation. The first generation of models to self-consistently incorporate all of these effects using a variety of 1D stellar evolution codes were developed by Keszthelyi et al. (2019) and Keszthelyi (submitted) , who found generally reasonable agreement between the observed and predicted rotational properties of the population of magnetic B-type stars.
Magnetospheres
The RRM model provides an excellent description of the Hα variations of single magnetic stars. The first tidally locked binary with Hα emission consistent with an origin in a CM, HD 156324, was reported by Shultz et al. (2018a) . This star's Hα emission shows no evidence of a second bump, which Shultz et al. suggested may be due to modification of the gravitocentrifugal potential by the introduction of a close binary companion, raising the question of whether a relatively straightforward modification of the RRM formalism might be able to reproduce the emission properties of this star.
A strongly variable X-ray light curve has been reported by Pillitteri et al. (2017) for ρ Oph A, a rapidly rotating magnetic (Pillitteri et al., 2018) B-type star. This is a striking discovery, because the X-ray light curves of most magnetic stars are either not variable, or not strongly variable (Nazé et al., 2014) , which is believed to be a consequence of the production of X-rays in optically thin plasma several stellar radii from the photosphere (e.g. Townsend et al., 2007; ud-Doula et al., 2014) .
Aside from stochastic variations in the magnetospheric diagnostics of magnetic O-type stars, hot star magnetospheric variations are entirely dominated by rotational modulation. A surprising exception to this is the magnetic β Cep pulsator ξ 1 CMa, which shows pulsational modulation of both its X-ray light curve (Oskinova et al., 2014) and its Hα profile (Shultz et al., 2017) . The former is probably related to the variation in the star's mass-loss rate throughout its pulsation cycle, however the latter appears to also be related to redistribution of plasma within the star's DM.
Gyrosynchrotron emission has received increasing attention in the past few years. Chandra et al. (2015) and Kurapati et al. (2017) observed a large sample of magnetic OB stars, and while they detected several of the B-type stars, they did not detect a convincing signature of gyrosynchrotron emission from any of the O-type stars. This is almost certainly because the radio photospheres of the magnetic O-type stars are larger than their magnetospheres, and therefore absorb any radio emission (Chandra et al., 2015) . Detailed individual studies of the extremely rapid rotators HR 5907 and HR 7355 were conducted by Leto et al. (2017 Leto et al. ( , 2018 , who found both stars to be exceptionally bright in the radio. They furthermore offered the tantalizing suggestion that their X-ray emission might contain a non-thermal auroral component in addition to the thermal component from the MCWS, with the aurorae originating from the same high-energy electrons that generate the gyrosynchrotron emission. Extremely hard X-ray emission has also been reported by Robrade et al. (2018) for the late Bp star CU Vir, who also suggested the possibility of a non-thermal auroral component.
Perhaps the most exciting result in radio has been the growth in the number known 'radio lighthouse' stars. Until recently only one such star was known, namely CU Vir, however the last few years have seen four more discoveries (see Chandra et al. 2015; Das et al. 2018 Das et al. , 2019b Leto et al. 2019 ; see also Das et al., this volume) , indicating that this phenomenon may in fact be quite common.
Building on the ORM and magnetospheric parameters derived by Shultz et al. (2019b) , a detailed investigation of the Hα emission properties of the early B-type stars has yielded definitive evidence that the threshold of emission onset, the scaling of emission strength, and the detailed shapes of emission lines can only be explained only via centrifugal breakout. These results will be published by Shultz et al. (in prep.) and Owocki et al. (in prep.) , however a preview is given by Owocki et al. (this volume) .
